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METHOD OF ANALYSIS OR ASSAY FOR 
POLYNUCLEOTIDES AND ANALYZER OR 
INSTRUMENT FOR POLYNUCLEOTIDES 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to diagnosis using DNA and 

an assay for properties of DNA as Well as a method for DNA 
analysis or assay. 

(2) Description of the Related Art 
It has been becoming popular to use DNA for diagnosis of 

disease. In such diagnosis of disease, (1) a DNA probe 
having a complementary sequence to a target DNA is 
prepared and a probe assay is carried out to see if this DNA 
probe hybridiZes With the target DNA; (2) a certain region 
of sequence coding for a target DNA is chosen and subjected 
to polymerase chain reaction ampli?cation using tWo DNA 
probes (primers), the resulting DNA fragment is read or its 
length is examined, and based on the DNA fragment infor 
mation obtained, assay is performed; etc. The thus obtained 
results are utiliZed for diagnosis or the like. These methods 
are applicable to analysis or assay for a single kind of DNA, 
at most, a feW kinds of DNAs but not appropriate for DNA 
assay of a vast number of DNA fragments or total evaluation 
of long DNA. 

HoWever, DNAs or genomes in vivo function While 
interacting With each other. It is, therefore, strongly desired 
to collectively assess chromosomes or all DNAs contained 
therein. For example, in a spotlighted cDNAs among the 
genome-project, it has been attempted to detect the kind and 
amount of cDNA complementary to mRNA thereby to 
collectively grasp an organism, paying attention to the 
mechanism of DNA functioning in the organism that, Where 
DNA functions in an organism, DNA information is ?rst 
transcribed onto mRNA and a protein is synthesiZed based 
on the information to function the organism. In this attempt, 
cDNAs are ?shed out of a vital sample and the respective 
cDNAs are sequenced to analyZe the frequency of each 
CDNA appearing in one tissue (body mapping). 

The body mapping involves the folloWing procedures. 
First, cDNA is prepared from mRNA (in a mixture of diverse 
cDNAs) and then cloned. E. coli containing cDNAs is 
spread and cultured on an agarose plate to obtain colonies, 
each of Which contains one of the desired cDNAs. The 
desired cDNA is taken out and sequenced to identify the 
kind of cDNA. In a similar manner, a desired cDNA is taken 
out of each colony and sequenced, Whereby the same cDNA 
often appears. When attention is given to one particular 
cDNA present in one tissue, the larger the amount of this 
particular cDNA, the more likely the particular cDNA 
corresponds to the gene strongly expressed in the tissue and 
as the result, the higher the frequency of the gene appearance 
in the colony. Accordingly, there is proposed a method for 
determining the frequency of CDNA appearance Which 
comprises performing cDNA sequencing in many colonies 
to see hoW many times a particular cDNA appears in the 
colonies (Katsuji, MurakaWa et al., Genomics, 23, 379—389 
(1994)). 
On the other hand, another attempt for DNA diagnosis has 

also been proposed, paying attention to a genome (DNAs in 
all chromosomes) or the entire pro?le of a particular chro 
mosome. A ?ngerprinting technique called gene scanning, 
Which is also called Landmark genome scanning (LGS 
method), involves the steps of selectively digesting DNA 
With 8 base cutter restriction enZyme (Which digests once 
per 48 to 64 kbs) such as Not I, etc., binding the digested 
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2 
fragments to a radioisotope tag or a nucleotide labeled With 
?uorophore, separating the fragments by electrophoresis, 
then cutting the DNA fragments in a gel With a 4 base cutter 
restriction enZyme (Which digests once per 44 to 256 bases), 
and subjecting the DNA fragment on the upper end of a 
polyacrylamide slab gel to tWo-dimensional electrophoresis. 
The thus obtained pattern is utiliZed as a ?ngerprint, thereby 
to comprehend the entire pro?le of DNA. An attempt 
includes use of the pattern for diagnosis, noting that a DNA 
pattern in normal cells is different from that of abnormal 
cells suffered from cancer, etc. 

HoWever, a good technique is not found so far, since it 
should be examined in the foregoing methods in Which 
particular site of long DNA there is abnormality. 

It is important for early detection of diseases or under 
standing of DNA function in cells to examine a long and 
large DNAor clarify the entire pro?le of a sample containing 
diverse cDNAs. As stated above, hoWever, any good tech 
nique suf?cient for the purpose has not been developed yet. 
According to the techniques explained hereinabove, it is 
necessary to determine the base sequences of very many 
clones. Much labor and time required make it impossible to 
practically apply these techniques to various samples. Con 
ventional DNA probing is only enough to examine, at best, 
several to several ten kinds of DNAs in one cycle of 
operation but not suitable for assaying cDNAs or DNA 
fragments of several hundreds to thousands in one cycle of 
operation. In addition, the cDNA analysis methods described 
above are not applicable to detection of long DNA Where 
abnormality is located. 
On the other hand, the gene scanning technique can meet 

the foregoing requirements but encounter problems that a 
huge amount of enZymes are consumed in the second 
digestion With a restriction enZyme and in the tWo dimen 
sional electropherogram, the abscissa Which is a scale for 
length of the DNA fragment occurred in the ?rst digestion 
and the ordinate Which gives some scale for length of the 
ultimate fragment are not alWays quantitative so that it is 
dif?cult to construct a database With these data. 

SUMMARY OF THE INVENTION 

An object of the present invention is to overcome the 
foregoing problems and provide a novel ?ngerprinting 
technique, namely, a DNA assay method, Which is appli 
cable to various samples and is suitable for assaying a large 
number of CDNAs or DNA fragments and assaying a long 
DNA. 
The DNA analysis or assay method of the present inven 

tion have the folloWing characteristic features. Firstly, DNA 
contained in a sample is cleaved With a restriction enZyme 
to produce DNA fragments having lengths inherent to the 
sample. An oligomer With a knoWn sequence is connected to 
the produced DNA fragment at the 3‘ terminus thereof to 
form a priming region. A DNA probe Which hybridiZes With 
this priming region, recognition sequence and several bases 
adjacent to the recognition sequence is prepared. This DNA 
probe consists of a set of sixteen (16) DNA probes in Which, 
e.g., the 3‘ terminal tWo bases are combinations of substan 
tially all of the bases. These sixteen (16) DNA probes are 
hybridiZed With a sample DNA, independently, to perform a 
complementary strand synthesis. The synthesiZed strand is 
labeled With a ?uorophore, etc. The complementary strand 
synthesis product is subjected to gel electrophoresis for 
every kind of the DNA probes used When initiating the 
complementary strand synthesis, and the length of each 
fragment is determined to obtain a ?ngerprint. The construc 
tion of the present invention is brie?y described hereinbe 
loW. 
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A. A ?rst aspect of the method of analysis or assay for 
nucleotides according to the present invention comprises: 

1) a step of digesting DNA With a restriction enzyme; 

2) a step of discriminating a difference in sequences of the 
DNA fragments obtained in step 1) above around the 3‘ 
termini thereof With the 3‘ terminal sequence of the labeled 
DNA probe (the labeled nucleotide incorporated upon the 
complementary strand synthesis may also be employed as a 
labeled DNA strand) and extending the labeled DNA probe 
by a complementary strand synthesis only When the terminal 
sequence matches to fractionate the DNA fragments into 
groups; and, 

3) a step of measuring lengths of the DNA fragments 
Which belong to said groups, or length of the labeled DNA 
probe eXtended by said complementary strand extension 
reaction; 

Wherein the thus measured lengths obtained for every 
kind of the base sequences of the DNA fragments around the 
3‘ termini thereof are employed as ?ngerprints. 

B. A second aspect of the method of analysis or assay for 
nucleotides according to the present invention comprises, at 
least: 

1) a step of digesting DNA With a restriction enZyme; 

2) a step of ligating a deoXynucleotide or an oligomer 
containing an analogue of the deoXynucleotide With the 
DNA fragments obtained in step 1) above at the 3‘ termini 
thereof; 

3) a step of performing a complementary strand synthesis 
using a set of four (4) or siXteen (16) labeled DNA probes 
having arbitrary sequences complementary to the oligo 
nucleotide connected above or to a part of the recognition 
sequence of one or tWo bases at the 3‘ termini thereof and 
having different terminal sequences, thereby to eXtend said 
labeled DNA probes; and, 

4) a step of subjecting the strand eXtended by the comple 
mentary strand synthesis to gel electrophoresis to detect the 
DNA fragments. 

In the methodsAand B described above, the characteristic 
features of the present invention lie at least in that the label 
is biotin, a chemiluminescence reagent or a ?uorophore; the 
DNA probes or the DNA fragments are detected by detecting 
a ?uorophore; and the labeled DNA probes contain a set of 
siXteen (16) labeled DNA probes Wherein at least tWo 
terminal bases are composed of substantially all of the bases 
species or analogues thereof. 

C. A third aspect of the method of analysis or assay for 
nucleotides according to the present invention comprises, at 
least: 

1) a step of digesting DNA With a restriction enZyme; 

2) a step of ligating a deoXynucleotide or an oligomer 
containing an analogue of the deoXynucleotide With the 
DNA fragments obtained in step 1) above at the 3‘ termini 
thereof; 

3) a step of performing a complementary strand synthesis 
using each of the labeled DNA probes having all combina 
tions of 1 to 3 bases consisting of arbitrary base species at 
the 3‘ termini thereof, Which are complementary to the 
oligonucleotide connected at the step 2) above or to a part of 
the recognition sequence recogniZed by said restriction 
enZyme, thereby to eXtend the complementary strand of each 
of said labeled DNA probes; 

4) a step of classifying and separating the DNA strand 
eXtended by the complementary strand synthesis for each of 
the labeled DNA probes in terms of terminal sequence; 
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5) a step of introducing a second oligomer into the DNA 

strand eXtended by the complementary strand synthesis at 
the 3‘ terminus thereof; 

6) a step of performing the steps 3) and 4) using the DNA 
strand having the second oligomer introduced thereinto as a 
template; and, 

7) a step of fractionating and detecting the DNA strands 
eXtended by the complementary strand synthesis, depending 
upon length. 

In the method C described above, the characteristic fea 
ture of the present invention lies in that by the step of 
repeating the steps 3) and 4) described above, the DNA 
fragments or the complementary strands of the DNA frag 
ments can be fractionated from each other, for each of the 
terminal base sequence of the labeled second DNA probe 
having a complementary strand to the second oligomer, 
thereby to detect the DNA. By repeating the steps 3) and 4) 
described above, the number of fractions can be increased so 
that more detailed analysis can be done. Furthermore, the 
method C is applicable to a sample containing much more 
fragments. 

D. A fourth aspect of the method of analysis or assay for 
nucleotides according to the present invention comprises, at 
least: 

1) a step of digesting DNA With a restriction enZyme; 
2) a step of ligating a deoXynucleotide or an oligomer 

containing an analogue of the deoXynucleotide With the 
DNA fragments obtained in step 1) above at the 3‘ termini 
thereof; 

3) a step of performing a complementary strand synthesis 
using a ?rst labeled DNA probe having all combinations of 
1 to 3 bases consisting of arbitrary base species at the 3‘ 
termini thereof, Which are complementary to the oligonucle 
otide (or oligomer) connected at the step 2) above or to a part 
of the recognition sequence recogniZed by said restriction 
enZyme, thereby to eXtend the complementary strand of the 
?rst labeled DNA probe; 

4) a step of classifying and separating the DNA strand 
complementary to the DNA strand eXtended by the comple 
mentary strand synthesis, for each of the terminal bases of 
the ?rst labeled DNA probe; 

5) a step of again performing the step 3) described above, 
using a second labeled DNA probe different from the ?rst 
labeled DNA probe used in the step 3) above; and, 

6) a step of fractionating and detecting the DNA strands 
eXtended by the complementary strand synthesis, Which Was 
produced from the second labeled DNA probe obtained in 
the step 5) above, depending upon length. 

In the methods A through D described above, the char 
acteristic feature of the present invention resides in that said 
restriction enZyme is a restriction enZyme to form a 
3‘-protruding end or blunt end type fragment. The charac 
teristic features of the present invention in the methods A to 
D further reside in that the restriction enZyme used therein 
is a restriction enZyme to give a 5‘-protruding end and the 
methods further include, after the step 1) described above, a 
step of ?lling the digested portions With the restriction 
enZyme using a DNA polymerase to form a double strand, 
or a step of introducing an oligomer containing the sequence 
of the digested portions by ligation. 

In the method A, the characteristic feature of the present 
invention lies in that the complementary strands to the DNA 
fragments fractionated based on a difference in tWo bases is 
labeled, at least, With a ?uorophore or a chemiluminescence 
reagent and produced by complementary strand synthesis, 
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using labeled DNA probes having all possible combinations 
of arbitrary tWo bases at the 3‘ termini thereof. 

E. The labeled DNA probes used in the methods A to D 
are a set of at least sixteen (16) DNA probes in all combi 
nations of N1, . . . , Nn (Wherein 5éné27), X1, . . . , Xm 

(1§m§6); YlY2 is any one of A, C, G and T; said labeled 
DNA probes, Which are primers used for the complementary 
strand synthesis, are represented by: 

Wherein N1 . . . N” has a substantially complementary 

sequence to the oligomer connected to the DNA fragment; 
X1 . . . Xm is substantially complementary to a part of the 
sequence of the portion digested With the restriction enZyme; 
and YlY2 is composed of any combination of tWo out of A, 
C, G and T. 

F. In the methods A to D, the labeled DNA probes 
employed are a set of at least sixteen (16) DNAprobes in all 
combinations of N1, . . . , Nn (Wherein 5éné27) X1, . . . , 

Xm (1§m§6); YlY2 is any one of A, C, G and T; Z, 
(1§i§3) is a nucleotide analogue Which can hybridiZe With 
a plural kinds of nucleotides; said labeled DNA probe Which 
is a primer used for the complementary strand synthesis, is 
represented by: 

Wherein N1 . . . N” has a substantially complementary 

sequence to the oligomer connected to the DNA fragment; 
X1 . . . Xm is substantially complementary to a part of the 
sequence of the portion digested With the restriction enZyme; 
and YlY2 is composed of any combination of tWo out of A, 
C, G and T. 

In the DNA probes of F, the present invention is charac 
teriZed in that any one of the nucleotides of N1, . . . , N” is 

labeled, at least, With biotin or a ?uorophore. 
G. In the methods A to D, the DNA digested With a 

restriction enZyme is the DNA obtained by 1) a step of 
collecting mRNA from a tissue sample to prepare a mRNA 
cDNA complementary pair, and 2) a step of preparing a 
double stranded DNA from the mRNA-cDNA complemen 
tary pair, thereby to give information on the kind and amount 
of mRNA. 

H. A further aspect of the present invention relates to a 
DNA analyZer or instrument for DNA assay comprising: 

a ?rst reaction vessel for digesting DNA With a restriction 
enzyme; 

a plurality of second reaction vessels for performing a 
second reaction Which comprises: 

mixing any one of a plurality of labeled DNA probes 
having different base sequences around the 3‘ termini 
thereof in each of a plurality of the second reaction 
vessels, in Which the digestion products are fraction 
ated and charged; 

discriminating a difference in the base sequences of DNA 
fragments around the 3‘ termini thereof, Which Were 
obtained by the digestion above, With the labeled DNA 
probes; 

extending the labeled DNA probe by a complementary 
strand synthesis only When the terminal sequence 
matches to fractionate the DNA fragments into groups; 

and, 
a device for electrophoresis for measuring lengths of the 

DNA fragments belonging to the groups or, using the labeled 
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DNA probe extended by the complementary strand synthesis 
as samples and measuring lengths of the samples; 

thereby to obtain the length of the measured sample for 
each of the base sequences of the DNA fragments around the 
3‘ termini thereof as a ?ngerprint. 

I. A still further aspect of the present invention relates to 
a DNA analyZer or assay for nucleotides comprising: 

a ?rst reaction vessel for digesting DNA With a restriction 
enZyme and ligating a deoxynucleotide or an oligomer 
containing an analogue of the deoxynucleotide With the 
DNA fragments obtained in the digestion above at the 3‘ 
termini thereof; 

a plurality of second reaction vessels for performing a 
second reaction Which comprises: 

mixing any one of a set of four (4) or sixteen (16) labeled 
DNA probes having arbitrary sequences complemen 
tary to the oligonucleotide connected above or to a part 
of the recognition sequence of one or tWo bases at the 
3‘ termini thereof and having different terminal 
sequences, in each of a plurality of the second reaction 
vessels, in Which the digestion products are fraction 
ated and charged; 

and, 
a device for electrophoresis for measuring lengths of the 

DNA strands extended by the complementary strand syn 
thesis using the thus extended DNA strands as samples; 
Whereby a length of the resulting sample given for each of 

the labeled DNA probes is obtained as a ?ngerprint. 
In the DNA analyZers or assay instruments H and I, the 

present invention is characteriZed in that length markers are 
electrophoresed in a gel electrophoretic passWay in the 
device for electrophoresis, together With the samples thereby 
to fractionate and discriminate the sample fragments sepa 
rated by the electrophoresis and the samples and the length 
markers are tagged With ?uorophore and hence, discrimi 
nated by a ?uorescent Wavelength of the ?uorophore tag. 

J. A still further aspect of the present invention relates to 
a DNA analyZer or assay for nucleotides, Wherein a plurality 
of the reaction vessels and a chemical reaction vessel for 
performing a chemical reaction While controlling tempera 
ture are provided and a set of at least sixteen (16) labeled 
DNA probes are separately charged in a plurality of the 
reaction vessels, respectively, and each of the DNA frag 
ments charged respectively in a plurality of the reaction 
vessels is simultaneously reacted With the labeled DNA 
probe. 
Even though many DNA fragments to be analyZed are 

present in a sample, each DNA fragment has a different 
sequence from that adjacent to a recognition sequence in 
most cases. Therefore, DNA fragments are initially fraction 
ated into groups depending upon the difference in sequence 
adjacent to the recognition sequence. This grouping opera 
tion is repeated until the number of DNA fragments in each 
group is reduced to such a level that does not cause any 
inconvenience for fractionation of the DNA fragments by 
gel electrophoresis. Finally, the DNA fragments in each 
group are determined by gel electrophoresis With a length of 
each DNA fragment. 
The DNA fragments in a sample Which are obtained by 

digesting DNA With a restriction enZyme are fractionated 
and classi?ed by complementary strand synthesis, using a 
set of sixteen (16) DNA probes having the tWo terminal 
bases in all combinations. The complementary strand syn 
thesis proceeds When the tWo terminal bases fully hybridiZe 
With the target DNA but if not, does not proceed. The DNA 
strand extended by the complementary strand synthesis has 
substantially the same length as that of the intact DNA strand 
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(DNA fragment obtained by digestion With a restriction 
enZyme). When it is so designed that a label is taken up into 
the DNA strand extended by the complementary strand 
synthesis to make the labeled DNA strand is detectable 
distinguishably from other DNA strands extended by 
complementary strand synthesis, the terminal tWo bases are 
discriminated to determine the length of the intact DNA 
strand. 
Where a single fractionation is insufficient for discrimi 

nating the DNA fragments obtained by digesting DNA in a 
sample With a restriction enZyme, biotin is tagged to DNA 
probe and the extended strand alone is ?shed out. Again the 
same fractionation is applied to the ?shed DNA fragment 
(extended DNA strand by complementary strand synthesis). 
In this case, a DNA probe employed is the one attached to 
the complementary strand at the 3‘ terminus (Which corre 
sponds to the 5‘ terminus of intact DNA) so that different 
classi?cation from the ?rst operation may be carried out. 

That is, according to the present invention, information on 
lengths of many DNA fragments obtained by digesting DNA 
in a sample With a restriction enZyme is not utiliZed as 
?ngerprints. Instead, the DNA fragments obtained by diges 
tion With a restriction enZyme are fractionated by the ter 
minal base sequence and classi?ed into groups. With respect 
to the DNA fragment present in each group, the fragment 
length is measured by gel electrophoresis and used as a 
?ngerprint. Accordingly, the present invention is advanta 
geous in that the fragment length does not overlap With each 
other but a high resolution is obtained. 

The present invention is applicable to various samples 
Without much labor and time and can provide the ?nger 
printing method suitable for assay of many DNA or DNA 
fragments or analysis or assay for long DNA, as Well as the 
analyZer or instrument in use therefor. 

According to the present invention, steps of cloning and 
culture, Which Were necessary for display of mRNA for gene 
expression analysis in the prior art and required a long 
period of time, are unnecessary so that display of mRNA can 
be made in a shorter time Which is less than one-tenth of the 
prior art. In addition, the data thus obtained can be converted 
into digital data Which are preferable database for handling. 

Hereinafter the present invention Will be described by 
referring to FIG. 1. Sample 1 is digested With restriction 
enZyme HhaI and poly A is added to the 3‘ terminal base 
sequence four (4) of each DNA fragment. A set of sixteen 
(16) ?uorophore tagged DNA probes 6 having a structure of 
RXY (Wherein X and Y represent A, C, G or T) are prepared. 
A solution containing sample DNA composed of all of the 
fragments is divided into sixteen (16) fractions 15 and 
different DNA probes 6 are added to the respective fractions 
to perform complementary strand synthesis. The DNAprobe 
hybridiZes With the DNA fragment but only the DNA probe 
(*R-AA) Which fully hybridiZed at the 3‘ terminus as in 11 
is extended by complementary strand synthesis. A comple 
mentary strand 13 having the same length of the extended 
DNA sequence, the length of the extended complementary 
strand is appreciated using a ?uorescent gel electrophoresis 
device . In gel electropherogram, the fragment length does 
not overlap With each other but a high resolution in length 
is obtained. The method and analyZer or instrument are thus 
applicable to various samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a draWing for explaining the operational proce 
dures in Example 1 of the present invention. 

FIG. 2A shoWs an electropherogram measured by mixed 
DNA fragments obtained by applying the operational pro 
cedures in Example 1 of the present invention to sample 
-DNA. 
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8 
FIG. 2B shoWs an electropherogram measured by classi 

?ed DNA fragments in terms of the terminal base sequences, 
Which are obtained by applying the operational procedures 
in Example 1 of the present invention to sample -DNA, 
using a set of sixteen (16) DNA probes. 

FIG. 3A shoWs an electropherogram from pUC19, Which 
is obtained in Example 2 of the present invention. 

FIG. 3B shoWs an electropherogram from pUC118, Which 
is obtained in Example 2 of the present invention. 

FIG. 4 is a draWing for explaining the operational proce 
dures in Example 2 of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is applicable to polynucleotide 
samples such as DNA or RNA. Analysis or assay for 
polynucleotide samples are performed by a ?ngerprinting 
analysis or an assay using ?ngerprinting method. The 
present invention further relates to a DNA analyZer or an 
instrument for DNA assay in use for the DNA analysis or 
DNA assay. 

The embodiments of the present invention Will be 
described beloW in detail, With reference to the draWings. 

EXAMPLE 1 

In Example 1, the present invention is explained, focusing 
on its basic principle. For DNA diagnosis, there has been 
generally employed a technique for digesting DNA With a 
restriction enZyme, fractionating the resulting DNA frag 
ments by gel electrophoresis and perform diagnosis based on 
the electropherogram obtained. HoWever, Where the kind of 
DNA fragments produced by a restriction enZyme increases, 
the DNA fragments are not discriminated from each other to 
cause a problem in diagnosis. These fragments are charac 
teriZed by the base lengths and sequences. Though each 
fragment has a sequence inherent thereto, the terminal 
sequences each consisting of several bases are also generally 
different from each other. For example, the digestion site by 
a 4-base cutter restriction enZyme generally appears at every 
256 bp in average. Thus, When a double stranded DNA of 
approximately 50 kb is digested With a 4-base cutter restric 
tion enZyme, about 200 double stranded DNA fragments 
(about 400 single stranded DNA fragments) are formed. 
These DNA fragments are ?rst fractionated by the 3‘ termi 
nal sequence of tWo bases adjacent to the recognition 
sequence, the number of combinations of the tWo base 
sequence becomes 4><4=sixteen (16) combinations. An aver 
age number of single stranded DNA fragments belonging to 
each group is approximately 25 fragments. It is easy to 
fractionate approximately 25 DNAs having various lengths 
from several bases to 1 kbs. Where intact DNA is long or 
Where a sample containing many more DNA fragments is 
handled, the DNA fragments are grouped using a longer base 
sequence. For example, Where grouping is performed by the 
terminal 4 base sequence, the DNA fragments are fraction 
ated into 256 groups. When the DNA fragments in each 
group are fractionated by length, at least 100 kinds of DNA 
fragments having several bases to 1000 bases can be dis 
criminated so that more than 20,000 DNA fragments can be 
fractionated as a Whole. The thus obtained data can be 
employed as ?ngerprints. Next, speci?c procedures are 
explained beloW in detail, by referring to FIG. 1. 
)LDNA is used as sample 1 and as a restriction enZyme 

HhaI is used. HhaI is a restriction enZyme Which digests 
double stranded DNA: 
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wherein N represents any one of A, T, G and C. The 3‘ 
terminal base sequence 4 of each DNA fragment 3 is GCG. 
in FIG. 1, tWo bases 10 adjacent to the 3‘ terminal base 
sequence 4 of each DNA fragment 3 is generally shoWn by 
NN, Wherein N is any one of A, C, G and T. 
An oligomer is introduced into the DNA fragment 3 at the 

3‘ terminus thereof through ligation. Alternatively, poly A 
(Which may be one base of A, C, G and T) is added to the 
DNA fragment at the 3‘ terminus thereof using a terminal 
deoxynucleotidyl transferase. Where poly A is added, the 3‘ 
terminus should be either 3‘-protruding end or blunt end. By 
referring to FIG. 1, an embodiment in Which poly A 5 is 
added is explained. When poly A 5 is added to each DNA 
fragment at the 3‘ terminus thereof, the 3‘ terminal sequence 
is represented by: 

Where poly Ais added, the presence of recognition sequence 
GCG is critical for clarifying the terminal site. This is 
because the length of polyAcannot be controlled. Therefore, 
a set of sixteen (16) DNA probes 6 having a construction 
shoWn by SEQ NO. 1: 

Wherein X and Y each represents A, C, G or T, are prepared 
(the sixteen (16) DNA probes are all possible combinations 
of X and Y). In FIG. 1, these DNA probes are shoWn by: 
RXY, Wherein X and Y each represents A, C, G or T and R 
represents TTTTTTTTTTTTTTTTTTTCGC. In FIG. 1, 
symbol * represents a ?uorophore tag. Where the sequence 
CGC is missing, XY portion may not function for the 
discrimination of DNA fragments With respect to TG, TC, 
TT, TA, etc. (this is because XY is linked With poly T). 

The sequence from the 5‘ end to CGC of the DNA probes 
is complementary to all of the DNA fragments obtained by 
digestion With restriction enZyme HhaI and hybridiZes com 
monly With all of these fragments. An embodiment Wherein 
XY (i.e., tWo bases 10 adjacent to the 3‘ terminal base 
sequence 4) is AA, is explained beloW. In this case, the XY 
portion hybridiZes only With a fragment having complemen 
tary strand sequence TT to form double strand 11. Where the 
XY portion 10 has no complementary sequence to the 
fragment, the XY portion does not hybridiZe With any 
fragment, Which is shoWn by numeral 12. It is not apparently 
appreciated only by stability of hybridiZation Whether or not 
the portion XY fully hybridiZed. This is because almost all 
sites of the DNA probes hybridiZe commonly With any 
fragment but a difference in the terminal tWo base sequence 
is not sufficient for the discrimination. 

HoWever, by a complementary strand synthesis using a 
DNA polymerase, it can be discriminated Whether or not the 
terminal tWo bases fully hybridiZe. A solution containing 
sample DNA composed of all DNA fragments obtained by 
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10 
digestion With restriction enZyme HhaI is divided into 
sixteen (16) fractions 15. Each different DNA probe 6 is 
added to each fraction for complementary strand synthesis. 
The DNA probes hybridiZe With the DNA fragments but 
only the DNA probe (*R-AA), in Which the 3‘ end fully 
hybridiZes, as shoWn by numeral 11, is extended by comple 
mentary strand extension, thereby to obtain complementary 
strand 13 having the same length as that of the DNA 
fragment. Where the DNA probes are labeled With a 
?uorophore, the length of the extended complementary 
strand can be appreciated using a device for ?uorescence gel 
electrophoresis. 

FIGS. 2A and 2B indicate a part of the results obtained 
using -DNA. Where it is attempted to simultaneously mea 
sure lengths of all DNA fragments obtained by digestion 
With restriction enZyme HhaI, many peaks overlap With each 
other as shoWn byelectropherogram 21 in FIG. 2A, Which 
makes discrimination impossible. HoWever, in electrophero 
gram 22 of the DNA fragments grouped by the terminal base 
sequence, using a set of sixteen (16) DNAprobes 23 (in FIG. 
2B, only the XY portion of the DNA probe *RXY is shoWn) 
the respective peaks corresponding to the respective frag 
ments are separated from each other as shoWn in FIG. 2B. 
Accordingly, a length of each DNA fragment in the grouped 
DNA fragments can be determined. The electropherogram 
of each DNA fragment shoWn in FIG. 2B is inherent 
depending upon kind of intact DNA to be analyZed; if the 
structure of intact DNA is different, another electrophero 
gram appears. Thus, these electropherograms can be utiliZed 
as ?ngerprints, Which are in turn utiliZed for DNA diagnosis, 
etc. In FIGS. 2A and 2B, the abscissa indicates base length 
24. 

EXAMPLE 2 

FIGS. 3A and 3B indicate the results obtained by applying 
the present invention to the discrimination of different 
DNAS. The operational procedures are similar to Example 
1. TWo kinds of pUC having someWhat different base 
sequences are employed as samples, Which are pUC19 and 
pUC118. pUC19 and pUC118 are DNA composed of 2686 
bases and DNA composed of 3162, respectively, in Which 
approximately 2630 bases give the same common sequence. 
After digestion With restriction enZyme HhaI, an oligomer 
With a knoWn sequence at the terminus of the digested 
fragment is added by ligation. Thereafter in a manner similar 
to Example 1, the DNA fragments are grouped by the 
terminal base sequence of the digested fragment using a set 
of sixteen primers (DNA probes) and the electropherogram 
of each group is obtained. 
The electropherograms 31 shoWn in FIG. 3A are those 

from pUC19. The electropherograms 32 shoWn in FIG. 3B 
are those from pUC118. The abscissa in FIGS. 3A and 3B 
represents base length 24. As the fragments Which are 
missing in the electropherograms from pUC19 but detected 
only in the electropherograms from pUC118, about 75 bases 
(CT, GT primers) and about 450 bases (CC, GT primers) are 
noted and as the fragment detected only in pUC19, about 
130 bases (CT, GT primers) are found. 
As stated above, by applying the method of the present 

invention, various DNAs Which are slightly different from 
each other can be discriminated in a simple manner. Of 
course, the present invention is also applicable to genomic 
DNA. When DNA is digested With restriction enZyme HhaI, 
the digestion site is found once per 250 bases in average, 
since HhaI is a 4-base cutter restriction enZyme. In the case 
of genome, about 100 double stranded DNA fragments in 
average are produced per 1M base. Where a 8-base cutter 
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restriction enzyme such as NotI, etc., is employed in assay 
ing a genome of about 100M bases, DNA fragments of 
almost the same order are produced and hence, the method 
described hereinabove is applicable to this case as it stands. 

It is extremely dif?cult to fractionate such a vast number 
of DNA fragments (2000 to 3000 fragments When calculated 
as single strands) by gel electrophoresis and ?ne a slight 
difference in their electropherograms. Therefore, DNA frag 
ments are classi?ed into 16 groups in terms of the 3‘ terminal 
sequence of each DNA fragment digested With a restriction 
enZyme, Whereby approximately 150 DNA fragments in 
average are contained in one group. Since this number is 
smaller than the number shoWn in Example 1, the DNA 
fragments can be analyZed in a manner similar to Example 
1. 

Complementary strand synthesis is greatly affected by 
Whether or not the 3‘ terminal tWo bases are fully comple 
mentary to the target DNA (DNA fragment) of the DNA 
probes. This phenomenon is utiliZed to divide the formed 
DNA fragments into 16 groups. The DNA fragments are 
represented by: 

5'- C1. . . c'ix? . . . xlci . . . C1-3‘ 

Wherein X” . . . X, is a sequence inherent to each fragment; 

Ci . . . C1 and C‘1 . . . C‘i represent recognition sequences or 

a part thereof and are knoWn. 18-mer oligomers,A‘1 . . .A‘18, 

A18 . . .A1, are ligated With this DNA fragment at the 5‘ and 
3‘ termini thereof, respectively. As the result, each DNA 
fragment comes to have the folloWing structure: 

.x1c.... 

A18 . . . A1 and A‘1 . . . A‘18 are oligomer With knoWn 

sequences. In each DNA fragment, the sequence of 
Cl-ClA18 . . .A1 is knoWn and several bases in the 3‘ terminal 
n . . . X1 adjacent to the knoWn sequence are utiliZed for 

grouping of the DNA fragments. 
DNAprobes Which hybridiZe With this DNA fragment are 

prepared. Such DNA probes are those complementary to 
A1 . . .A18C1 . . . Ci of the DNAfragment and fully hybridiZe 

With the speci?c sequence of X1X2. Since XlX2 takes 16 
possible combinations, sixteen (16) DNA probes are pre 
pared. The DNA probes are represented by: 

A DNA analogue such as inosine may be inserted betWeen 
C‘i and Y1 or in place of C‘i and the resulting probe may also 
be employed. This DNA probe is tagged With biotin (B); if 
necessary and desired, the tagged probe is designed to be 
isolated by a microtiter plate having streptavidin immobi 
liZed thereto or by magnetic beads, etc. In the above 
explanation, C1, . . . , Ci; C‘l, . . . , C‘i; Xi . . . , Xn; Y1, Y2; 

A1 . . .A18;A‘1,. . . ,A‘18 represent any one ofA, C, G and 

T; and, 
sequence C1 . . . Ci and sequence C‘1 . . . C‘i; sequence 

A1 . . .A18 and sequence A‘1 . . .A‘18; and sequence XlX2 
and sequence YlY2 form complementary strands as Will be 
later shoWn in FIG. 4. 

The present invention Will be further described in detail, 
by referring to FIG. 4. DNA sample 38 (18-mer oligomers 
With knoWn sequences: A‘1 . . . A‘18 and A18 . . . A1 are 

connected to each DNA fragment at the 5‘ and 3‘ termini 
thereof, respectively; Which Was obtained by digesting DNA 
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12 
With HindIII and the thus obtained DNA fragments Were 
grouped) is divided into 16 fractions. Each fraction is 
separately charged in a vessel. One biotinylated DNA probe 
39 (Wherein B represents biotin): 

is added to each fraction. DNA polymerase and substrates 
for strand synthesis (dNTP; deoxynucleotide triphosphate) 
are further added thereto to perform a complementary strand 
extension reaction. 
As a DNA polymerase, thermostable Taq or thermostable 

sequenase is employed. The reaction is carried out under 
conditions of thermal cycling to synthesiZe a complementary 
strand of the DNA fragment completely complementary to 
the terminal sequence of DNA probe. After the complemen 
tary strand synthesis, magnetic beads 42 With streptavidin 
(Av) on its surface are added to capture the biotin-labeled 
synthesiZed DNA strand 40 on the beads. Plastic beads or 
?lters having streptavidin immobiliZed thereto may also be 
employed in place of magnetic beads. The non-reacted 
substances captured other than the DNA strand are removed. 
As described above, sixteen (16) groups 43 are prepared for 
each DNA fragment having a speci?c terminal sequence: 

xzxlci . . . C1A18 . . . A1 

In this Example, complementary strand to each DNA frag 
ment is employed for the grouping. By elevating a tempera 
ture of the solution containing DNA fragments, intact DNA 
fragments hybridiZed are liberated and removed. As shoWn 
in FIG. 4, the group of complementary strands (DNA strand) 
46 of recovered fragment have a common probing sequence 
at the 5‘ terminus (the DNA probe sequence is located at the 
5‘ terminus of the synthesiZed strand after complementary 
strand synthesis) and are fractionated into 16 groups, by a 
difference in the tWo bases adjacent to the probing sequence. 
Each group contains 150 DNA strands in average. 
The DNA fragments in each group are further discrimi 

nated and classi?ed in terms of a difference in the 3‘ terminal 
sequence (the 3‘ terminal sequence corresponds to the 5‘ 
terminal sequence of intact DNA fragment used as a tem 
plate in the complementary strand synthesis). The DNA 
strand 46 captured on the beads contains an oligomer 
sequence A1 . . .A18 connected upon ligation, With Which the 
DNA probe can hybridiZe. A set of sixteen (16) ?uorophore 
tagged probes 44 having the same sequence as described 
above: 

Wherein * is a ?uorophore tag and Y3 and Y4 represent any 
one of A, C, G and T. The DNA fragments captured on the 
beads are divided into 16 fractions. 
As in the embodiment described above, one DNA probe 

is added to each fraction to perform a complementary strand 
synthesis (extension reaction). The reaction is carried out 
With 16><16=256 groups and the electropherogram of the 
extended product 45 is assayed. The aforesaid ?uorophore 
tag may be altered for every probe, probes labeled With 
?uorophores having different colors are reacted at once, and 
the extended product 45 may be assayed With a multicolor 
detection type DNA analyZer. When using ?uorophores With 
four different colors, it is suf?cient to perform the reaction 
4 times for each DNA group, i.e., 4><16=64 times in total. In 
addition, 64 passWays are suf?cient for electrophoresis. In 
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this embodiment, the oligomer connected to the terminus 
Was regarded as the same but different restriction enzymes 
may also be used at the both termini so that different 
sequences may be connected at the termini. 

Comparison in electropherograms betWeen E. coli J M109 
and C600, Which genomes are slightly different, reveals that 
most are the same but there is a difference in a part, like for 
example of pUC19 and pUC118 as shoWn in FIGS. 3A and 
3B. The difference Will not be notable When electrophoresed 
Without grouping. 
As stated above, after a large DNA is digested With a 

restriction enZyme, the DNA fragments are grouped by a 
sequence around the tWo termini and subjected to electro 
phoresis to obtain a pattern for length separation, Whereby 
an electropherogram inherent to each genome can be 
obtained. The pattern is effective for examination of a 
difference in genome. In particular, the grouping by the 
terminal base species is effective also for constructing a 
database. In pattern data on tWo dimensional electrophoresis 
alone, DNA length given by analog information is uncertain 
so that it is dif?cult to construct a database. HoWever, the 
grouping by the terminal base species in combination With 
digital information can accurately discriminate DNAS, even 
if the length separation by analog information is not highly 
accurate. 

In the foregoing explanation, the temperature of the 
solution containing DNA fragments is elevated to isolate and 
remove the intact DNA fragment hybridiZed. The intact 
DNA fragment hybridiZed With the DNA probe extended by 
complementary strand synthesis may also be used after 
fractionation. In this case, the solution is ?rst heated to 
80°—85° C. to liberate and remove the DNA fragment 
hybridiZed With the probe not extended by complementary 
strand synthesis. The solution is then heated to 95°—100° C. 
thereby to liberate and recover the DNA fragment hybrid 
iZed With the probe extended by complementary strand 
synthesis. 

EXAMPLE 3 

This embodiment is to obtain information relating to 
display of mRNA for gene expression analysis. The number 
of human genes is said to be 50,000 to 100,000 species. 
Accordingly, 50,000 to 100,000 species of mRNAs 
(messenger RNA) are present. Among these mRNAs, it is 
assumed that approximately 3,000 mRNAs Would be regu 
larly Working. It is thus important to appreciate hoW these 
mRNAs function in various tissues. In order to examine the 
function of mRNAs, the existing technique comprises col 
lecting mRNA, cloning mRNA, analyZing a sequence of 
mRNA present in each clone and detecting frequency of 
displaying mRNA. HoWever, the procedures require much 
labor. It is thus desired to develop a simple operation for the 
analysis. Analysis of cDNA complementary to mRNA has 
been progressed, Whereby it is also possible to prepare a 
DNA probe capable of speci?cally hybridiZing With each 
cDNA and use the DNA probe for assay. HoWever, probes 
practically usable are substantially limited to approximately 
several tens to 100 probes. Where cDNA that cannot be 
detected With a probe is detected, the use of limited probes 
is not practical. It is thus desired to develop a system Which 
can detect any cDNA. In vieW of the existing situation, the 
present invention is applied to display of mRNA in this 
embodiment. 
A mRNA library (cDNA library) is prepared from tissues 

(J. DNA Sequencing and Mapping, 2, 137—144 (1991). In 
accordance With the technique described in Nature, 357, 
519—520 (1992), cDNA is prepared using biotinylated poly 
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14 
T, mRNA-cDNA hybrid is prepared and double stranded 
DNA is prepared. The double stranded DNA is digested With 
restriction enZyme Sau3AI and an oligomer With a knoWn 
sequence is connected to the digested site. HhaI (GCG\|,C) 
or NlaIII (CATGJ,) may also be employed as the restriction 
enzyme. 
By these procedures, a DNA fragment having biotinylated 

poly T sequence at the 5‘ terminus thereof and having a 
recognition sequence and knoWn oligomer at the 3‘ terminus 
is formed. Magnetic beads having streptavidin immobiliZed 
thereon are added to the DNA fragment to form biotin 
streptavidin complex. The complex captures the aforesaid 
DNA fragment and its complementary strand. A buffer 
solution is added to the beads having the DNA fragment 
immobiliZed thereto, Which are charged in a vessel. The 
resulting mixture is heated to liberate the complementary 
DNA fragment. The complementary DNA fragment is used 
as a sample. Subsequently, the sample is treated as in 
Example 2 to fractionate DNA fragments in terms of the 3‘ 
terminal sequence adjacent to poly Aof the DNA fragments. 
In this case, there are 12 selective sequences adjacent to poly 
T, unlike Example 2. After fractionation of biotinylated 
DNA probe, complementary strand synthesis is performed 
using sixteen (16) ?uorophore tagged probes. Alength of the 
produced DNA is measured by gel electrophoresis to obtain 
a ?ngerprint. 

EXAMPLE 4 

In order to carry out the method explained in Examples 1 
to 3, a DNA analyZer comprises reaction vessels for reacting 
16 or 256 DNA probes simultaneously to obtain the comple 
mentary strand extended products, an autopipet for auto 
matically feeding each probe to each vessel, and a device for 
electrophoresis. It is preferred to carry out the complemen 
tary strand extension reaction at a temperature above 65° C., 
since it is apparently re?ected by matching or mismatching 
the sequence of the terminal bases Whether the reaction 
proceeds or not. It is also necessary to compare the relative 
length of the products by the complementary strand exten 
sion reaction by simultaneously subjecting the extended 
products to electrophoresis for every base of the terminal 
bases of DNA probe or by subjecting a length (reference) 
marker to electrophoresis at the same time, for each base of 
the terminal bases of DNA probe. For this reason, particu 
larly preferred is such an instrument for determining a 
fragment length that a reference marker is electrophoresed 
together With each product by the complementary strand 
extension reaction and relative positional relationship 
betWeen the fragment of the complementary strand exten 
sion reaction product fractionated by electrophoresis and the 
marker is utiliZed. In this case, operation is easily done by 
discriminating the length of DNA fragments by a plurality of 
markers having different lengths to arrange data in such a 
manner as to What group the DNA fragments belong. If DNA 
fragments up to 1 Kbs are fractionated into 200 groups by 
markers appearing for every 5 bases, the DNA fragments 
Will be even fractionated into 256x200—50,000 groups. 
This number gives group suf?cient for diagnosis of mRNA, 
etc. or for ?ngerprinting analysis. 

Measurement accuracy in electrophoresis is high in base 
length ranging from 10 to 500 bases. Where DNA fragments 
are fractionated for every 2 bases, fractionated data can be 
obtained in more detail. In such measurement, it is desired 
to label the marker With a ?uorophore having quite a 
different emission Wavelength from that of a ?uorophore for 
labeling the target DNA fragment so that the marker can be 
readily discriminated from the target DNA fragment. A 
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?uorophore has a plain emission Zone toward a longer 
Wavelength direction. It is thus important for the marker not 
to interfere With desired measurement of DNA fragments, by 
selecting a kind of ?uorophore used for the marker to tag the 
target DNA fragment and to have a ?uorescent signal in a 
longer Wavelength region. DNA fragments may have dif 
ferent structures depending upon sequence length and may 
have different mobilities in gel electrophoresis even When 
they have the same base length. Even in such a case, 
hoWever, the DNA fragments can be fractionated if it is 
appreciated in Which fraction DNA fragments are displayed, 
using a marker as a yardstick. That is, even though DNA 
fragments have the same length, the DNA fragment may be 
fractionated in different fractions due to a difference in 
sequence but good reproducibility of fractionation elimi 
nates any problem upon analysis. 
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(2) introducing an oligomer comprising deoxynucleotides 

or an oligomer containing analogues of the deoxynucle 
otides into the DNA fragments at the 3‘ termini thereof, 
by using ligase or terminal deoxynucleotidyl trans 
ferase; 

(3) performing a complementary strand synthesis using a 
?rst probe set comprising four labeled DNA probes or 
a second probe set comprising sixteen labeled DNA 
probes and complementary strand to the introduced 
oligomer or to a part of the recognition sequence 
recogniZed by the restriction enZyme thereby to extend 
said labeled DNA probes, Wherein one base at 3‘ 
termini of the four labeled DNA probes of the ?rst 
probe set is composed of all possible four combinations 
of one base species out of A, C, G and T or analogues 
thereof, and tWo bases at the 3‘ termini of the sixteen 

SEQUENCE LISTING 

( 1 ) GENERAL INFORMATION: 

( i i i )NUMBER OF SEQUENCES: 1 

( 2 ) INFORMATION FOR SEQ ID NO:1: 

( i )SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pairs 
( B ) TYPE: nucleic acid 

( c )STRANDEDNESS: single 
( D )TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 
( A ) DESCRIPTION: /desc = “synthetic DNA, ?uorophore 

tagged“ 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:1: 

TTTTTTTTTT TTTTTTTTTC GCNN 24 

What is claimed is: 
1. A method of analysis or assay for nucleotides Which 

comprises: 
(1) digesting DNA’s With a restriction enZyme to obtain 
DNA fragments; 

(2) discriminating differences in sequences of tWo bases 
adjacent to restriction enZyme recognition sites of the 
DNA fragments With labeled DNA probes and extend 
ing the labeled DNAprobes by a complementary strand 
synthesis to fractionate the DNA fragments into sixteen 
groups, Wherein the labeled DNA probes have all 
possible sixteen combinations of tWo bases out of A, C, 
G and T at the 3‘ termini thereof; and 

(3) measuring lengths of the DNA fragments Which 
belong to each of said sixteen groups, or lengths of the 
labeled DNA probes extended by said complementary 
strand synthesis; 

Wherein measured lengths of the DNA fragments frac 
tionated into the sixteen groups by the differences in 
sequences of tWo bases adjacent to the restriction 
enZyme recognition sites of the DNA fragments are 
employed as ?ngerprints. 

2. Amethod of analysis or assay for nucleotides according 
to claim 1, Wherein the complementary strands synthesiZed 
from the DNA probes are labeled With a ?uorophore. 

3. A method of analysis or assay for nucleotides Which 
comprises: 

(1) digesting DNA With a restriction enZyme to obtain 
DNA fragments; 
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labeled DNA probes of the second probe set are com 
posed of all possible sixteen combinations of tWo bases 
species out of A, C, G and T or analogues thereof; and 

(4) subjecting the strand extended by the complementary 
strand synthesis to electrophoresis to detect the DNA 
fragments and to obtain each of four electropherograms 
or each of sixteen electropherograms; 

Wherein the four electropherograms are classi?ed by 
differences in sequences of one base adjacent to restric 
tion enZyme recognition sites of the DNA fragments, 
and the four electropherograms are employed as 
?ngerprints, or the sixteen electropherograms are clas 
si?ed by differences in sequences of tWo bases adjacent 
to the restriction enZyme recognition sites of the DNA 
fragments, and the sixteen electropherograms are 
employed as ?ngerprints. 

4. Amethod of analysis or assay for nucleotides according 
to claim 1, Wherein the label is any one selected from biotin 
and a chemiluminescence reagent. 

5. Amethod of analysis or assay for nucleotides according 
to claim 1, Wherein the label is a ?uorophore and the DNA 
probes or the DNA fragments are detected by detecting a 
?uorophore. 

6. A method of analysis or assay for nucleotides Which 
comprises: 

(1) digesting DNA’s With a restriction enZyme to obtain 
DNA fragments; 

(2) introducing a ?rst and a second oligomer comprising 
deoxynucleotides or a ?rst and a second oligomer 
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containing analogues of the deoxynucleotides into the 
DNA fragments at the 3‘ and 5‘ termini thereof, 
respectively, by using ligase; 

(3) performing a complementary strand synthesis using 
?rst labeled DNA probes having all possible combina 
tions of 1 to 3 bases out of A, C, G and T or analogues 
thereof at the 31 termini thereof, the ?rst labeled DNA 
probes being complementary to the introduced ?rst 
oligomer or to a part of the recognition sequence 
recogniZed by said restriction enZyme, or using labeled 
nucleotide phosphate, thereby extending the comple 
mentary strand of each of said ?rst labeled DNA 
probes; 

(4) classifying and recovering the DNA strand extended 
by the complementary strand synthesis for each of the 
?rst labeled DNA probes; 

(5) performing a complementary strand synthesis using 
second labeled DNA probes having all possible com 
binations of 1 to 3 bases out of A, C, G, and T or 
analogues thereof at the 3‘ termini thereof, the second 
labeled DNA probes being complementary to the DNA 
strand extended by the complementary strand synthesis 
in step (3) or to a part of the recognition sequence 
recogniZed by said restriction enZyme, or using labeled 
nucleotide phosphate, thereby extending the comple 
mentary strand of each of the second labeled DNA 
probes; 

(6) fractionating and detecting the DNA strands extended 
by the complementary strand synthesis in step (5), 
depending upon length, for each of the second labeled 
DNA probes. 

7. Amethod of analysis or assay for nucleotides according 
to claim 1, Wherein said restriction enZyme is a restriction 
enZyme to form a 3‘-protruding end. 

8. Amethod of analysis or assay for nucleotides according 
to claim 1, Wherein said restriction enZyme is a restriction 
enZyme to form a blunt end type fragment. 

9. Amethod of analysis or assay for nucleotides according 
to claim 1, Wherein said restriction enZyme is a restriction 
enZyme to give a 5‘-protruding end and Which further 
includes, after step (1), reassociating the digested portions 
With the restriction enZyme using a DNA polymerase to 
form a double strand. 

10. A method of analysis or assay for nucleotides accord 
ing to claim 1, Wherein the complementary strands to the 
DNA fragments fractionated based on differences in 
sequences of tWo bases adjacent to the restriction enZyme 
recognition sites are labeled With a ?uorophore or a chemi 
luminescence reagent and produced by complementary 
strand synthesis, using labeled DNA probes. 

11. A method of analysis or assay for nucleotides Which 
comprises: 

(1) fractionating DNA fragments into sixteen groups by 
differences in sequences of tWo bases adjacent to a 
restriction enZyme recognition site of each of the DNA 
fragments obtained by digesting a sample DNA With a 
restriction enZvme, using labeled DNA probes having 
all possible sixteen combinations of tWo bases out of A, 
C, G and T at the 31 termini thereof; and 

(2) separating the DNA fragments contained in each of the 
sixteen groups or complementary strands to the DNA 
fragments by electrophoresis in terms of length; 

Wherein an electropherogram obtained by the electro 
phoresis is used for analysis or assay. 

12. A method of analysis or assay for nucleotides accord 
ing to claim 11, Wherein the complementary strands to the 
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DNA fragments fractionated based on differences in 
sequences of tWo bases adjacent to the restriction enZyme 
recognition site are labeled With a ?uorophore or a chemi 
luminescence reagent and produced by complementary 
strand synthesis, using labeled DNA probes. 

13. A method of analysis or assay for DNA Which 
comprises: 

(1) digesting DNA’s With a restriction enZyme to obtain 
DNA fragments; 

(2) discriminating differences in sequences of 1 to 3 bases 
adjacent to the restriction enZyme recognition sites of 
the DNA fragments With labeled DNA probes and 
extending the labeled DNAprobes by a complementary 
strand synthesis to fractionate the DNA fragments into 
groups, Wherein the labeled DNA probes have all 
possible combinations of 1 to 3 bases out of A, C, G and 
T at the 3‘ termini thereof; and 

(3) measuring lengths of the DNA fragments Which 
belong to said groups, or lengths of the labeled DNA 
probes extended by said complementary strand synthe 
sis; 

Wherein measured lengths of the DNA fragments frac 
tionated into the groups by the differences in sequences 
of 1 to 3 bases adjacent to the restriction enZyme 
recognition sites of the DNA fragments termini are 
employed as ?ngerprints. 

14. A set of sixteen DNA probes Which are DNA probes 
used in a method of analysis or assay for nucleotides 
according to claim 1, and said labeled DNA probes are 
primers used for the complementary strand synthesis and 
represented by: 

Wherein the sequence of N1, . . . , Nn (Wherein 5 éné27) 
has a complementary sequence to the oligomer intro 
duced to the DNA fragment; sequence of X1, . . . , Xm 

(1 émé6) is complementary to a part of the sequence 
of the portion digested With the restriction enZyme; and 
sequences of YlY2 include all possible sixteen combi 
nations of tWo bases out of A, C, G and T. 

15. A set of sixteen DNA probes Which are DNA probes 
used in a method of analysis or assay for nucleotides 
according to claim 1, and said labeled DNA probes are 
primers used for the complementary strand synthesis and 
represented by: 

Wherein sequence of N1, . . . , Nn (Wherein 5éné27) has a 
complementary sequence to the oligomer introduced to the 
DNA fragment; sequence of X1, . . . , Xm (1§m§6) is 
complementary to a part of the sequence of the portion 
digested With the restriction enZyme; sequence of Z1 . . . Zi 
(1 éié3) is a nucleotide analogue Which can hybridiZe With 
a plurality of nucleotides; and sequences of YlY2 include all 
possible sixteen combinations of tWo bases out of A, C, G 
and T. 

16. A set of DNA probes according to claim 14, Wherein 
any one of the nucleotides N1, . . . , N” is labeled With biotin 

or a ?uorophore. 
17. A method of analysis or assay for nucleotides Which 

comprises: 
(1) collecting mRNA from a tissue sample to prepare a 
mRNA-cDNA complementary pair; 
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(2) preparing a double stranded DNA from the mRNA 
cDNA complementary pair; 

(3) digesting the double stranded DNA With a restriction 
enZyme to obtain DNA fragments; 

?rst probe set comprising four labeled DNA probes or 
a second probe set comprising sixteen labeled DNA 
probes complementary to the introduced oligomer or to 

20 
a second probe set comprising sixteen labeled DNA 
probes complementary to the introduced oligomer in 
step (4) or to a part of the recognition sequence 
recogniZed by the restriction enZyme, thereby extend 

4 discriminatin differences in se uences of tWo bases 5 in said labeled DNA robes of the ?rst or second g q g P 
adjacent to the restriction enZyme recognition sites of probe set, Wherein one base at the 3‘ termini of the four 
the DNA fragments With labeled DNA probes and labeled DNA probes of the ?rst probe set is composed 
eXtendlng the labeled DNAPIObfIS by a Complementary of all possible four combinations of one base species 
strand synthesis to fractionate the DNA fragments into out of A, C, G and T or analogues thereof, and two 
S1Xteeh groups, Wherelh the labeled DNA Probes have 10 bases at the 3‘ termini of the sixteen labeled DNA 
all Possible sixteen combinations of tWo bases out of A, probes of the Second probe Set are Composed of an 
Q G and T at the 3‘ termlm thereof; and possible sixteen combinations of tWo bases species out 

(5) measuring lengths of the DNA fragments Which of A, C, G and T or analogues thereof; 

imkioln? tggxh ofbsald slxtegndggouphhor lenglths of the (6) classifying and recovering the DNA strand extended 
a e g h hr? es exten e y Sal Comp ementary 15 by the complementary strand synthesis, for each of the 
Shah Synt 651s’ labeled DNA probes of the ?rst or second probe set; 

Wherein measured lengths of the DNA fragments frac- . . . 
. . . . . (7) performing a complementary strand synthesis using a 
tionated into the sixteen groups by the differences in . . . 

. . . third probe set comprising four labeled DNA probes or 
sequence of tWo bases ad] acent to the restriction . . . 

. . . a fourth probe set comprising sixteen labeled DNA 
enZyme recognition sites of the DNA fragments are 20 probes Complementary to the DNA Strand extended by 
employed as ?ngerprints to give information on the . . 

. . the complementary strand synthesis in step (5) or to a 
kind and amount of said mRNA. . . . 

. . . part of the recognition sequence recogniZed by the 
18. A method of analysis or assay for nucleotides Which . . . . 

Comprises restriction enZyme, thereby extending said labeled 
' _ _ DNA Probes of the third or fourth probe set, Wherein 

(1) collecting mRNA from a tissue ‘sample to prepare a 25 one base at the 3! termini of the four labeled DNA 
mRNA'FDNA Complementary pan; probes of the third probe set is composed of all possible 

(2) prepanhg a double Strahded DNA from the mRNA‘ four combinations of one base species out of A, C, G 
CD_NA homplementary pan; _ _ _ and T or analogues thereof, and tWo bases at the 3‘ 

(3) dlgestlhg the dhhhle Strahded DNA Wlth a resthetleh termini of the sixteen labeled DNAprobes of the fourth 
ehZyIhe t0 Ohtalh DNA fragments; 30 probe set are composed of all possible sixteen combi 

(4) introducing an oligomer comprising deoxynucleotides nations of two bases species out of A, C, G and T or 
or an oligomer Containing aHaIOgIlfJS 0f the deoxynucle- analogues thereof, and the third probe set is different 
otides into the DNAfragments at the 3‘ termini thereof; from the ?rst probe set and the fourth probe set is 

(5) performing a complementary strand synthesis using a 35 different from the second probe set; and 
(8) fractionating and detecting the DNA strands extended 

by the complementary strand synthesis in step (7), 
depending upon length; 

a Part of the reeoghitioh Seqhehee reeoghiZed by the thereby giving information on the kind and amount of said 
restriction enZyme thereby extending said labeled DNA 40 mRNA 
Probes, wherein one base at the 3’ tehhihi of the four 20. A method of analysis or assay for nucleotides Which 
labeled DNA probes of the ?rst probe set is composed Comprises; 
of all possible four combinations of one base species 
out of A, C, G and T or analogues thereof, and tWo 
bases at the 3‘ termini of the sixteen labeled DNA 
probes of the second probe set are composed of all 
possible sixteen combinations of tWo bases species out 
of A, C, G and T or analogues thereof; and 

(6) subjecting the strand extended by the complementary 
strand synthesis to electrophoresis to detect the DNA 
fragments; thereby giving information on the kind and 
amount of said mRNA. 

19. A method of analysis or assay for nucleotides Which 
comprises: 

(1) collecting mRNA from a tissue sample to prepare a 
mRNA-cDNA complementary pair; 

(2) preparing a double stranded DNA from the mRNA 
cDNA complementary pair; 

(3) digesting the double stranded DNA With a restriction 
enZyme to obtain DNA fragments; 

(4) introducing a ?rst and a second oligomer comprising 
deoxynucleotides or a ?rst and a second oligomer 
containing analogues of the deoxynucleotides into the 
DNA fragments at the 3‘ and 5‘ termini thereof, 
respectively, by using ligase; 

(5) performing a complementary strand synthesis using a 
?rst probe set comprising four labeled DNA probes or 
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(1) collecting mRNA from a tissue sample to prepare a 
mRNA-cDNA complementary pair; 

(2) preparing a double stranded DNA from the mRNA 
cDNA complementary pair; 

(3) fractionating DNA fragments obtained by digesting 
the double stranded DNAWith a restriction enZyme into 
groups by differences in sequences of tWo bases adja 
cent to the restriction enZyme recognition site of each 
of the DNA fragments, using labeled DNA probes 
having all possible sixteen combinations of tWo bases 
out of A, C, G and T at the 3‘ termini thereof; and 

(4) separating the DNA fragments contained in each of the 
sixteen groups or complementary strands to the DNA 
fragments by electrophoresis in terms of length; 

thereby giving information on the kind and amount of said 
mRNA. 

21. A method of analysis or assay for nucleotides Which 
comprises: 

(1) collecting mRNA from a tissue sample to prepare a 
mRNA-cDNA complementary pair; 

(2) preparing a double stranded DNA from the mRNA 
cDNA complementary pair; 

(3) digesting the double stranded DNA With a restriction 
enZyme to obtain DNA fragments; 



5,861,252 
21 

(4) discriminating differences in sequences of 1 to 3 bases 
adjacent to the restriction enZyme recognition sites of 
the DNA fragments With labeled DNA probes and 
extending the labeled DNA probes by a complementary 
strand synthesis to fractionate the DNA fragments into 
groups, Wherein the labeled DNA probes have all 
possible combinations of 1 to 3 bases out of A, C, G and 
T at the 3‘ termini thereof; and 

(5) measuring lengths of the DNA fragments Which 
belong to each of said groups, or lengths of the labeled 
DNA probes extended by said complementary synthe 
sis reaction; 

Wherein based on measured lengths of the DNA fragments 
fractionated into the groups by the differences in 
sequences of 1 to 3 bases adjacent to restriction enZyme 
recognition sites of the DNA fragments, said mRNA is 
analyZed or assayed thereby giving information on the 
kind and amount of said mRNA. 

22. A method of analysis or assay for nucleotides Which 
comprises: 

(1) digesting DNA’s With a restriction enZyme to obtain 
DNA fragments; 

(2) discriminating differences in sequences of tWo bases 
adjacent to restriction enZyme recognition sites of the 
DNA fragments With labeled DNA probes and extend 
ing the labeled DNAprobes by a complementary strand 
synthesis to fractionate the DNA fragments into sixteen 
groups, Wherein the labeled DNA probes have all 
possible sixteen combinations of tWo bases out of A, C, 
G and T at the 3‘ termini thereof; and 

(3) measuring lengths of the labeled DNA probes 
extended by said complementary strand synthesis for 
each group of sixteen groups individually by electro 
phoresis to obtain an electropherogram for each group 
of sixteen groups; 

Wherein measured lengths obtained from the sixteen elec 
tropherograms are employed as ?ngerprints. 

23. A method of analysis or assay for nucleotides Which 
comprises: 

(1) digesting a sample DNA With a restriction enZyme to 
obtain DNA fragments; 

(2) introducing an oligomer into the DNA fragments at the 
3‘ termini thereof; 

(3) dividing a solution containing the DNA fragments into 
sixteen fractions; 

(4) adding a different kind of labeled DNA probe to each 
of the sixteen fractions, respectively, and extending the 
labeled DNA probes by a complementary strand 
synthesis, 

Wherein the labeled DNA probes have all possible sixteen 
combinations of tWo bases out of A, C, G and T at the 
3‘ termini thereof; and 

(5) obtaining sixteen electropherograms by electrophore 
sis of the labeled DNA probes extended by said 
complementary strand synthesis in each of the sixteen 
fractions; 

Wherein each of the sixteen electropherograms is classi 
?ed by differences in sequences of tWo bases adjacent 
to the restriction enZyme recognition sites of the DNA 
fragments, and the sixteen electropherograms are 
employed as ?ngerprints. 

24. A method of analysis or assay for nucleotides Which 
comprises: 

(1) digesting a sample DNA With a restriction enZyme to 
obtain DNA fragments; 
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(2) introducing a ?rst and a second oligomer having 
knoWn sequences into the DNA fragments at the 3‘ and 
5‘ termini thereof, respectively; 

(3) dividing a solution containing the DNA fragments into 
sixteen ?rst vessels; 

(4) performing a complementary strand synthesis in each 
of the sixteen ?rst vessels, respectively, using a differ 
ent kind of ?rst labeled DNAprobes having all possible 
sixteen combinations of tWo bases out of A, C, G and 
T at the 3‘ termini thereof, the ?rst labeled DNAprobes 
being complementary to the introduced oligomer or to 
a part of the recognition sequence recogniZed by said 
restriction enZyme, thereby extending the complemen 
tary strand of the ?rst labeled DNA probes; 

(5) removing non-reacted substances in the solutions in 
each of the sixteen ?rst vessels of step (4), respectively, 
and, by elevating the temperature of the solution, 
liberating the DNA fragments from the hybrids of the 
complementary strand synthesis and recovering the 
DNA strand extended by the complementary strand 
synthesis in step (4) in each of the sixteen ?rst vessels; 

(6) dividing a solution containing the recovered DNA 
strand extended by the complementary strand synthesis 
from each of the sixteen ?rst vessels into sixteen 
second vessels; 

(7) performing a complementary strand synthesis in each 
of the sixteen second vessels, respectively, using a 
different kind of second labeled DNA probes different 
from the ?rst labeled DNA probes, the second labeled 
DNA probes having all possible sixteen combinations 
of tWo bases out of A, C, G and T at the 3‘ termini 
thereof, the second labeled DNA probes being comple 
mentary to the introduced oligomer or to a part of the 
recognition sequence recogniZed by said restriction 
enZyme, thereby extending the complementary strand 
of the second labeled DNA probes; and 

(8) obtaining 256 electropherograms by electrophoresis of 
the second labeled DNA probes extended by said 
complementary strand synthesis in each of the 256 
vessels; 

Wherein each of the 256 electropherograms is classi?ed 
by differences in sequences of tWo bases adjacent to the 
restriction enZyme recognition sites of the DNA 
fragments, and the 256 electropherograms are 
employed as ?ngerprints. 

25. A method of analysis or assay for nucleotides accord 
ing to claim 24, Wherein the ?rst labeled DNA probes are 
labeled by biotin. 

26. A method of analysis or assay for nucleotides accord 
ing to claim 25, Wherein the second labeled DNA probes are 
labeled by a ?uorophore. 

27. A method of analysis or assay for nucleotides Which 
comprises: 

(1) digesting a sample DNA With a restriction enZyme to 
obtain DNA fragments; 

(2) introducing a ?rst and a second oligomer having 
knoWn sequences into the DNA fragments at the 3‘ and 
5‘ termini thereof, respectively; 

(3) dividing a solution containing the DNA fragments into 
sixteen ?rst vessels; 

(4) performing a complementary strand synthesis in each 
of the sixteen ?rst vessels, respectively, using different 
kinds of ?rst labeled DNA probes having all possible 
sixteen combinations of tWo bases out of A, C, G and 
T at the 3‘ termini thereof, the ?rst labeled DNAprobes 
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being complementary to the introduced oligomer or to 
a part of the recognition sequence recognized by said 
restriction enzyme, thereby extending the complemen 
tary strand of the ?rst labeled DNA probes; 

24 
(4) performing a complementary strand synthesis in each 

of the sixteen ?rst vessels, respectively, using a differ 
ent kind of ?rst labeled DNAprobes having all possible 
sixteen combinations of tWo bases out of A, C, G and 

(5) removing non-reacted substances in the solutions in 5 T at the 3‘ termini thereof, the ?rst labeled DNAprobes 
each of the sixteen ?rst vessels of step (4), respectively, being complementary to the introduced oligomer or to 
and, by elevating the temperature of the tSOhltiOH, a part of the recognition sequence recogniZed by said 
hheratlhg the DNA hagmehts from the hyhhds of the restriction enZyme, thereby extending the complemen 
complementary strand synthesis and recovering the tary Strand of the ?rst labeled DNA probes; 
DNA strand extended by the complementary strand 1O - - - - 

. . . . (5) removing non-reacted substances in the solution in 
synthesis in step (4), in each of the sixteen ?rst vessels; . . 

(6) performing a complementary strand synthesis in a with fthelslxte-en ?rtstt Vessels of Step hespeclnvhlyt 
_ _ an , y e evating t e temperature 0 t e so ution, 

Secohg gisselh cohtthhllhg the recovehed DEA, Stfrahd liberating the DNA fragments from the hybrids of the 
eXteh e y 6 Comp emehtary Str.ah Syht 651s rhm 15 complementary strand synthesis and recovering the 
each of the sixteen ?rst vessels, using a different kind DNA Strand extended by the Complementary Strand 

fafbsetltgghgtgttitgfgbghtgg)22221315221221fgttithgtgotlig synthesis in step (4), in each of the sixteen ?rst vessels; 
having all possible sixteen combinations of tWo bases (6) dlvhhhg a sohltloh cohtalhlhg the recovered DNA 
out OfA C G and T at the 3, t e Uni hi thereof the Second strand extended by the complementary strand synthesis 
labeled Aprohes being Complementary to the ihtr0_ 20 from each of the sixteen ?rst vessels into four second 
duced oligomer or to a part of the recognition sequence Vessels; _ _ _ 
recogniZed by said restriction enZyme, thereby extend- (7) Perferthlhg a eethplethehtarx Strahd syhthesls 1h eaeh 
ing the complementary strand of the second labeled of the seeohd four Vessels, hslhg Seeohd labeled DNA 
DNA probes, Wherein the second labeled DNA probes Probes dlffereht from the ?rst laheled DNAprobes, the 
are labeled With ?uorophores having different emission 25 Seeohd labeled DNA Probes havlhg ah Posslhle S1Xteeh 
Wavelengths; and combinations of tWo bases out of A, C, G and T at the 

(7) obtaining 256 electropherograms by electrophoresis of 3‘ ,terhhhl thereof’ the secohd labeled DNA probes 
the Second labeled DNA probes extended by Said being complementarytto the introduced oligomer or to 
complementary strand synthesis in the second vessel; 30 a ptatt thf the recogthttllohbseqhihcgrechhghlzed tiy Stud 

, , , res ric ion enZyme, ere y ex en ing e comp emen 

whfretlihffeach of the 256 electrothheroggams 1S dhlasslhed tary strand of the second labeled DNA probes, Wherein 
y hrehces 1h seqhehcesh tWO, asesfa haCeStqtZ the second labeled DNA probes are labeled With ?uo 

gjtgrgggths ehflhmtehgegtgéhlgtoetltrsétgtslehogtafns are rophores having four different emission Wavelengths; 
’ d 

employed as ?ngerprints. 35 an 
(8) obtaining 256 electropherograms by electrophoresis of 

the second labeled DNA probes extended by said 
complementary strand synthesis in the second four 
vessels; Wherein each of the 256 electropherograms is 
classi?ed by differences in sequences of tWo bases 
adjacent to restriction enZyme recognition sites of the 
DNA fragments, and the 256 electropherograms are 
employed as ?ngerprints. 

28. A method of analysis or assay for nucleotides Which 
comprises: 

(1) digesting a sample DNA With a restriction enZyme to 
obtain DNA fragments; 

(2) introducing a ?rst and a second oligomer having 40 
knoWn sequences into the DNA fragments at the 3‘ and 
5‘ termini thereof, respectively; 

(3) dividing a solution containing the DNA fragments into 
sixteen ?rst vessels; * * * * * 


